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(57) ABSTRACT 
A mass ?oW controller has: a How rate sensor section that 
measures the How rate of a ?uid and outputs a How rate 
measurement signal indicating the measurement value; a How 
rate control valve disposed upstream or downstream of the 
How rate sensor section; a calculation section that calculates 
a feedback control value to be supplied to the How rate control 
valve by performing at least a proportional calculation on the 
deviation of the How rate measurement value indicated by the 
How rate measurement signal from a How rate setting value; 
and an opening control signal output section that generates an 
opening control signal based on the feedback control value 
and outputs the opening control signal to the How rate control 
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MASS FLOW CONTROLLER 

BACKGROUND OF THE INVENTION 

1. Technical Field 
Aspects of the present invention relate to a mass ?oW 

controller that controls the ?oW rate of a ?uid, such as gas and 
liquid. 

2. Related Art 
In a related art semiconductor manufacturing apparatus to 

Which various kinds of gas used for manufacturing a semi 
conductor are supplied, a mass ?oW controller is provided for 
each gas supply channel to adjust the ?oW rate of the gas. A 
related art pressure regulator is connected in series to each 
mass ?oW controller so as to prevent an extreme change in 
pressure in the channel to Which the mass ?oW controller is 
attached, thereby facilitating ?oW rate control. 
A related art ?oW rate control method for the mass ?oW 

controller is PID (proportional integral derivative) control. 
For example, a related art feedback control is based on a 
variation of the related art PID control disclosed in Japanese 
Laid-Open Patent Application No. 2004-280689 (hereafter 
“Patent Document l”). According to the related art method 
disclosed in the Patent Document 1, the feedback control 
value is calculated by performing a PID calculation on the 
deviation, and multiplying the calculation result by a function 
Whose value increases as the ?oW rate setting value decreases. 

In a recent related art system, a regulator is provided only 
for a ?uid supply source, such as a cylinder, rather than for 
each supply channel; hoWever, the mass ?oW controller is 
provided for each supply channel. 

This related art system con?guration has at least the fol 
loWing disadvantage. If one of the supply channels is sud 
denly closed, or the ?oW rate of one of the mass ?oW control 
lers is substantially changed, the resulting pressure change 
affects the other supply channels or mass ?oW controllers 
(this is referred to as crosstalk). As a result the related art 
control method, Which is based on the assumption that the 
pressure regulator controls the pressure change, may not be 
able to achieve adequate ?oW rate control. 
More speci?cally, if the related art control method dis 

closed in the Patent Document 1 is used, and if the pressure on 
the primary side (the pressure on the upstream side of the 
mass ?oW controller) changes beyond a certain level, the ?oW 
rate excessively responds to the change and changes beyond 
a prescribed level. 
As higher speed and precision are required in the related art 

control of the ?oW rate of the raW material gas or the like used 
in semiconductor processes, the speed of folloWing the 
change of the ?oW rate setting value (the speed of response) 
cannot be sacri?ced to suppress the above-described related 
art excessive response. 

SUMMARY OF THE INVENTION 

An aspect of the present invention provides a mass ?oW 
controller that can substantially prevent a ?oW rate change 
from occurring due to a pressure change Without a substantial 
sacri?ce in the speed of folloWing the change of the ?oW rate 
setting value. The mass ?oW controller can be used in a 
system in Which crosstalk can occur. 
More speci?cally, a mass ?oW controller according to the 

exemplary embodiment comprises: a ?oW rate sensor section 
that measures the ?oW rate of a ?uid ?oWing through a ?oW 
channel and outputs a ?oW rate measurement signal indicat 
ing the measurement value; a ?oW rate control valve that is 
disposed upstream or doWnstream of the ?oW rate sensor 
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2 
section; a calculation section that performs at least a propor 
tional calculation on the deviation of the ?oW rate measure 
ment value indicated by the ?oW rate measurement signal 
from a ?oW rate setting value, Which is a target value, to 
calculate a feedback control value to be supplied to the ?oW 
rate control valve; and an opening control signal output sec 
tion that generates an opening control signal based on the 
feedback control value and outputs the opening control signal 
to the ?oW rate control valve. In this mass ?oW controller, a 
value obtained by substituting the ?oW rate setting value into 
a function is used as a gain value by Which the deviation is 
multiplied in the proportional calculation, and the function 
differs betWeen a changing period, Which is a period from a 
point in time When the ?oW rate setting value changes by an 
amount or more, and a stable period, Which is the remaining 
period. 
The mass ?oW controller thus con?gured sWitches the con 

trol betWeen the stable period and the changing period. There 
fore, in the changing period in Which the ?oW rate setting 
value changes, the actual ?oW rate can be made to folloW the 
changed ?oW rate setting value substantially quickly. In the 
stable period in Which the ?oW rate setting value does not 
change signi?cantly, the ?oW rate can be substantially pre 
vented from excessively responding to any disturbance, such 
as a pressure change that occurs on the primary side (a pres 
sure change that occurs on the upstream side of the mass ?oW 
controller), thereby stabiliZing the actual ?oW rate. 
The changing period may be constant or adjustable in order 

to improve the control stability, as required. For example but 
not by Way of limitation, the changing period may be termi 
nated When the deviation of the ?oW rate measurement value 
from the ?oW rate setting value changes to fall Within a range. 
The function used in each period may be ?xed or viable. 

For example but not by Way of limitation, if the function used 
in the changing period varies gradually (the term “gradually” 
herein may mean “stepWise” or “continuously”, but is not 
limited thereto) to gradually change the control factor (gain 
value) so that the functions used in the changing period and 
the stable period are substantially the same as each other at the 
time of sWitching from the changing period to the stable 
period, the control factor varies smoothly, so that the ?oW rate 
control can be prevented from being unstable due to the 
change of the control factor at the time of sWitching from the 
changing period to the stable period. 

According to an implementation that achieves both a high 
speed of response in the changing period and a high stability 
in the stable period, a function that returns a greater value as 
the ?oW rate setting value substituted thereto decreases may 
be used in the changing period, and a function that returns a 
smaller value as the ?oW rate setting value substituted thereto 
decreases may be used in the stable period. 

In the related art, the ?oW rate indicative value output from 
the mass ?oW controller for external use may indicate a value 
substantially different from the ?oW rate measured on the 
doWnstream side (or the upstream side) because of an inter 
ference With the control of the ?oW rate control valve that is 
sensitive to a pressure change on the primary side. 
To alter the opening control operation or procedure for the 

?oW rate control valve described above, stabiliZe the ?oW rate 
indicative value and bring the ?oW rate indicative value close 
to the actual ?oW rate value, a ?oW rate output section can be 
provided that performs a calculation on the ?oW rate mea 
surement value and outputs the result as the ?oW rate indica 
tive value, and the ?oW rate output section can be con?gured 
to use different calculation formulas on the ?oW rate mea 

surement value in the changing period and the stable period. 
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More speci?cally, in the stable period, the ?oW rate mea 
surement value may be smoothed With respect to time, and the 
result is output and in the changing period, the ?oW rate 
measurement value may be output Without being processed. 

Since the control is sWitched betWeen the stable period and 
the changing period, the mass ?oW controller can suppress a 
?oW rate change Without sacri?cing the speed of folloWing 
the change of the ?oW rate setting value even if a disturbance, 
such as a pressure change, occurs and can be used in a system 
in Which a crosstalk may occur. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram shoWing a mass ?oW con 
troller according to an exemplary embodiment; 

FIG. 2 is a diagram shoWing a con?guration of a ?oW rate 
control system incorporating the mass ?oW controller accord 
ing to the exemplary embodiment; 

FIG. 3 is a functional block diagram of a control section 
according to the exemplary embodiment; 

FIG. 4 is a control ?oW chart according to the exemplary 
embodiment; 

FIG. 5 is a schematic diagram shoWing the Whole of an 
effect checking and testing system for the mass ?oW control 
ler according to the exemplary embodiment; and 

FIGS. 6A-6C illustrate a graph shoWing a result of effect 
check and test, according to the exemplary embodiment. 

DETAILED DESCRIPTION THE EXEMPLARY 
EMBODIMENTS 

In the following, an exemplary, non-limiting embodiment 
of the present invention Will be described With reference to the 
draWings. 
As shoWn in the schematic diagram of FIG. 1, a mass ?oW 

controller 100 according to the exemplary embodiment com 
prises an internal channel 1, a ?oW rate sensor section 2 that 
measures the ?oW rate of a ?uid F ?oWing through the internal 
channel 1, a ?oW rate control valve 3 disposed doWnstream of 
the ?oW rate sensor section 2, and a control section 4. The 
mass ?oW controller 100 may be used in a gas supply system 
that supplies gas to a chamber in a semiconductor process as 
shoWn in FIG. 2. 
The internal channel 1 has an inlet port P1 on the upstream 

side and an outlet port P2 on the doWnstream side. For 
example, the inlet port P1 may be connected to a ?uid supply 
source B, such as a cylinder, via an external pipe, and the 
outlet port 2 is connected to a chamber for semiconductor 
manufacture (not shoWn) via an external pipe. In this exem 
plar embodiment, as shoWn in FIG. 2, a pipe connected to one 
?uid supply source B is branched, and each of the branch 
pipes is provided With one mass ?oW controller 100. Further 
more, a pressure regulator PR is provided only at the outlet of 
the ?uid supply source B, and no pressure regulator for the 
mass ?oW controller 100 is provided for each pipe. Accord 
ingly, no pressure measurement is made in the mass ?oW 
controller 100. Reference character FV denotes an air pres 
sure valve. The ?oW rate sensor section 2 includes a pair of 
heat-sensitive sensors (thermal sensors) disposed in the inter 
nal channel 1. The thermal sensors measure the instantaneous 
?oW rate of the ?uid F as an electric signal, perform ampli? 
cation or the like of the electric signal by an internal electric 
circuit, and output a ?oW rate measurement signal having a 
value that depends on the measured ?oW rate. 

The ?oW rate control valve 3 can change the opening by 
means of an actuator constituted by a pieZoelectic element 
(not shoWn). The ?oW rate control valve 3 drives the actuator 
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4 
in response to an opening control signal, Which is an electric 
signal supplied externally, and adjusts the opening in accor 
dance With the value of the opening control signal, thereby 
controlling the ?oW rate of the ?uid F. 
The control section 4 is composed of a digital or analog 

electric circuit comprising a central processing unit (CPU), a 
memory, an A/ D converter, a D/A converter and the like. The 
control section 4 may be a dedicated one or partially or Wholly 
composed of a general-purpose computer, such as a personal 
computer. Furthermore, the CPU may be omitted, and the 
functions of the remaining parts may be implemented only by 
an analog circuit. Furthermore, the control section 4 may not 
be a physically integral unit but may be composed of a plu 
rality of devices interconnected by Wire or Wirelessly. 
A set of instructions (i.e., program) is stored in the memory, 

and the CPU and a peripheral device thereof are operated in 
cooperation With each other in accordance With the instruc 
tions. As shoWn in FIG. 3, the control section 4 performs at 
least the functions of a signal receiving section 5, a calcula 
tion section 6, an opening control signal output section 7 and 
a ?oW rate output section 8. 
The signal receiving section 5 receives the ?oW rate mea 

surement signal sent from the ?oW rate sensor section 2, a 
?oW rate setting signal input from another computer or the 
like, and stores the values of the signals in the memory. 
The calculation section 6 has a deviation calculating sec 

tion 61 that obtains the ?oW rate measurement value repre 
sented by the ?oW rate measurement signal and calculates the 
deviation of the ?oW rate measurement value With respect to 
a target value, that is, the ?oW rate setting value represented 
by the ?oW rate setting signal, and a control value calculating 
section 62 that calculates a feedback control value to be sent 
to the ?oW rate control valve 3 by performing at least a 
proportional calculation on the deviation. 
The opening control signal output section 7 generates an 

opening control signal having a value depending on the feed 
back control value and outputs the opening control signal to 
the ?oW rate control valve 3. 
The ?oW rate output section 8 calculates a ?oW rate indica 

tive value by performing a calculation on the ?oW rate mea 
surement value and outputs a ?oW rate indicative signal (ana 
log or digital signal) representing the ?oW rate indicative 
value for the purpose of external use. 

According to this exemplary embodiment, the control 
value calculating section 62 uses the value obtained by sub 
stituting the ?oW rate setting value into a function as a gain 
value by Which the deviation is to be multiplied in the pro 
portional calculation. The function differs betWeen the 
changing period, Which is a period from a point in time When 
the ?oW rate setting value changes by at least an amount, and 
the remaining, stable period. The changing period has a deter 
mined length of time, and starts When the ?oW rate setting 
value changes by at least an amount over a time period. This 
amount of change includes a percentage of the change With 
respect to the total value, and the value of the change ranges 
from about 0% to about 10%, and for example, from about 
0.3% to about 5%. The time length of the changing period is 
determined to be from about 0 seconds to about 10 seconds, 
and more speci?cally, from about 0.3 seconds to about 5 
seconds. 
The function used for the changing period (referred to also 

as “?rst function” in the folloWing for the purpose of differ 
entiation) is a function that returns a greater value as the ?oW 
rate setting value to be substituted decreases. In this exem 
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plary embodiment the function is expressed by the following 
formula (1), for example. 

In formula (1), reference character S denotes the How rate 
setting value (in percentage With respect to full scale), and 
reference character Kl denotes an adjustment factor. 

The function used for the stable period (referred to also as 
second function in the folloWing for the purpose of differen 
tiation) is a function that returns a smaller value as the How 
rate setting value to be substituted decreases. In this exem 
plary embodiment the function is expressed by the folloWing 
formula (2), for example. 

In formula (2), reference character K2 denotes an adjust 
ment factor, and reference character D denotes an offset con 
stant. 

Furthermore, in this exemplary embodiment the How rate 
output section 8 determines the How rate indicative value by 
performing different calculations on the How rate measure 
ment value betWeen the changing period and the stable 
period, and outputs the respective ?oW rate indicative signals 
to the outside. In the stable period, the How rate output section 
8 outputs the How rate indicative value that is determined by 
smoothing the How rate measurement value With respect to 
time. In the changing period, the How rate output section 8 
outputs the How rate measurement value as the How rate 
indicative value Without processing. 

For smoothing With respect to time, the folloWing formula 
(3) is used. 

OUT:(OUT—OUTiOLD))-Z+OUTiOLD (3) 

In formula (3), reference character Z denotes an adjustment 
factor, reference character OUT on the left-hand side denotes 
the latest ?oW rate indicative value neWly calculated, refer 
ence character OUT on the right-hand side denotes the latest 
?oW rate measurement value sampled, and reference charac 
ter OUT_OLD denotes the previously calculated ?oW rate 
indicative value. 
An operation of the mass ?oW controller 100 Will be 

described With reference to the ?owchart of FIG. 4, focused 
primarily on the operation of the control section 4. This opera 
tion may be performed in a computer-readable medium con 
?gured to perform a series of instructions, such as softWare. 
Alternatively, the operation may be performed in hardWare, 
or in a hybrid softWare-hardWare combination. 

The signal receiving section 5 receives the How rate mea 
surement signal constantly output from the How channel sen 
sor section 2 and the How rate setting signal output from 
dedicated input means or another computer and samples the 
signals (operation S1). 

If the How rate setting value changes by at least an amount, 
a period (for example, about 2 seconds) from the point in time 
of the change is determined as a changing period, and the 
process proceeds to operation S2. The remaining period is 
determined as the stable period, and the process proceeds to 
operation S6. 

In the case of the changing period, the deviation calculating 
section 61 calculates the difference betWeen the value of the 
How rate measurement signal received at the signal receiving 
section 5 (the How rate measurement value) and the How rate 
setting value, Which is the value of the How rate setting signal, 
or in other Words, the deviation E (operation S2). 

Then, the control value calculating section 62 calculates 
the feedback control value to be supplied to the How rate 
control valve 3 by performing the PID calculation on the 
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6 
deviation (operation S3). In this operation, a value obtained 
by substituting the How rate setting value into the ?rst func 
tion is used as the gain value by Which the deviation e is to be 
multiplied in the proportional calculation. 

Then, the opening control signal output section 7 generates 
the opening control signal based on the feedback control 
value and outputs the opening control signal to the How rate 
control valve 3 to change the opening of the How rate control 
valve 3, thereby adjusting the How rate (operation S4). 

In addition, the How rate output section 9 outputs the How 
rate measurement value as the How rate indicative value to the 
outside Without processing (operation S5). 
On the other hand, in the case of the stable period, as in 

operation S2, the deviation calculating section 61 calculates 
the difference betWeen the value of the How rate measurement 
signal received at the signal receiving section 5 (the How rate 
measurement value) and the How rate setting value, Which is 
the value of the How rate setting signal, or in other Words, the 
deviation a (operation S6). 

Then, the control value calculating section 62 calculates 
the feedback control value to be supplied to the How rate 
control valve 3 by performing the PID calculation on the 
deviation 6 (operation S7). In this operation, a value obtained 
by substituting the How rate setting value into the second 
function is used as the gain value by Which the deviation 6 is 
multiplied in the proportional calculation. 
Once the feedback control value is thus calculated, as in 

operation S4, the opening control signal output section 7 
generates the opening control signal based on the feedback 
control value and outputs the opening control signal to the 
How rate control valve 3 to change the opening of the How rate 
control valve 3, thereby adjusting the flow rate (operation S8). 

In addition, the How rate output section 8 performs the 
calculation expressed by the formula (3) on the How rate 
measurement value to determine the How rate indicative value 
and outputs the How rate indicative signal having the How rate 
indicative value to the outside (operation S9). 
As described above, the mass ?oW controller 100 performs 

the control process in different Ways betWeen the stable 
period and the changing period. Thus, in the changing period 
in Which the How rate setting value changes, the actual ?oW 
rate can substantially quickly folloW the changed ?oW rate 
setting value, and in the stable period in Which the How rate 
setting value does not change signi?cantly, even if a distur 
bance, such as a pressure change on the primary side (i.e., a 
pressure change on the upstream side of the mass ?oW con 
troller 100), occurs, an excessive response thereto can be 
suppressed to stabiliZe the actual ?oW rate. 

Furthermore, in the stable period, the How rate measure 
ment value smoothed With respect to time is used as the value 
of the How rate indicative signal to be output to the outside 
(the How rate indicative value). Therefore, the How rate 
indicative value can be stabiliZed and brought substantially 
close to the actual ?oW rate value Without excessively 
responding to a change of the pressure on the primary side or 
the like. 

FIG. 6 shoWs a speci?c effect, and FIG. 5 schematically 
shoWs an effect checking and testing system. In FIG. 5, ref 
erence character PC denotes pressure changing means (or 
pressure changing unit) that changes the pressure (primary 
pressure) applied to the mass ?oW controller 100, and refer 
ence character R denotes a How meter that is disposed doWn 
stream of the mass ?oW controller 100 to measure the actual 
?oW rate. 

For the purpose of comparison, FIGS. 6A-6C shoWs an 
exemplary result of How rate control in the stable period by a 
conventional mass ?oW controller that controls the How rate 
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using only the ?rst function and outputs the ?oW rate mea 
surement value as the ?oW rate indicative value Without pro 
cessing. 

According to the related art if the pressure on the primary 
side changes, the value of the actual ?oW rate measured With 
another ?oW meter R greatly ?uctuates. To the contrary, in the 
case of the mass ?oW controller 100 according to this exem 
plary embodiment the actual ?oW rate is maintained substan 
tially constant (see FIG. 6C). 

In addition, according to the related art, if the pressure on 
the primary side changes, the ?oW rate indicative value varies 
in the opposite direction to the actual ?oW rate value because 
of interference With the unstable operation of the control 
valve, and an erroneous ?oW rate indicative value is output. To 
the contrary, in the case of the mass ?oW controller 100 
according to this exemplary embodiment, the ?oW rate 
indicative value varies in substantially the same direction as 
the actual ?oW rate value, and a ?oW rate indicative value 
extremely close to the actual ?oW rate value is output (see 
FIG. 6B). 

It is to be noted that the present invention is not limited to 
the exemplary embodiment described above and other varia 
tions as Would be understood by those skilled in the art may be 
substituted therefore or appended thereto Without departing 
from the scope of the invention. 

For example but not by Way of limitation, the changing 
period may not be substantially constant and the changing 
period may be terminated using trigger means other than a 
timer structure. For example, the changing period may be 
terminated When the deviation of the ?oW rate measurement 
value from the ?oW rate setting value decreases to fall Within 
a range. 

Furthermore, the function used for each period may be a 
?xed one or a variable one as in the exemplary embodiment. 

For example but not by Way of limitation, the function used 
for the changing period (the ?rst function) may be a function 
that varies gradually (stepWise or continuously) With time. In 
this case, if the values of the ?rst and second functions at the 
time of sWitching from the changing period to the stable 
period, that is, the control factors (gain values) thereof at the 
time of sWitching from the changing period to the stable 
period, are made substantially equal, the ?oW rate control can 
be substantially prevented from being unstable due to the 
change of the control factor at the time of sWitching from the 
changing period to the stable period 

Furthermore, the control valve may be provided upstream 
of the ?oW rate sensor section 2. The ?oW rate sensor section 
2 is not limited to the thermal sensor described above and may 
be other ?oW rate measuring systems, such as a differential 
sensor. 

Various modi?cations can be made to the exemplary 
embodiment Without departing from the spirit of the present 
invention. 

The present invention provides a mass ?oW controller that 
can substantially prevent a ?oW rate change from being occur 
ring due to a disturbance, such as a pressure change, Without 
sacri?cing the speed of folloWing the change of the ?oW rate 
setting value and can be used in a system in Which crosstalk 
can occur. 

What is claimed is: 
1. A mass ?oW controller, comprising: 
a ?oW rate sensor section that measures a ?oW rate of a ?uid 

?oWing through a ?oW channel and outputs a ?oW rate 
measurement signal indicating a ?oW rate measurement 

value; 
a ?oW rate control valve disposed one of up stream and 

doWnstream of the ?oW rate sensor section; 
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8 
a calculation means for performing at least a proportional 

calculation on a deviation of the ?oW rate measurement 

value from a target ?oW rate setting value, to calculate a 
feedback control value to be supplied to an opening 
control signal output section; and 

the opening control signal output section con?gured to 
generate an opening control signal based on said feed 
back control value, and outputs the opening control sig 
nal to the ?oW rate control valve, 

the calculation means uses a gain value obtained by sub 
stituting said ?oW rate setting value into a function, and 
multiplies said gain value by the deviation in said pro 
portional calculation, 

said function differs betWeen a changing period that com 
prises a period from a point in time When said ?oW rate 
setting value changes by at least an amount, and a stable 
period that comprises a period other than the changing 
period; 

the function in said changing period returns a greater value 
as the ?oW rate setting value decreases, and 

the function in said stable period returns a smaller value as 
the ?oW rate setting value decreases or, regardless of the 
?oW rate setting value, the function in said stable period 
returns constant. 

2. The mass ?oW controller according to claim 1, further 
comprising: 

a ?oW rate output section that performs a calculation on 
said ?oW rate measurement value and outputs a ?oW rate 
indicative signal, 

Wherein the ?oW rate output section performs a ?rst calcu 
lation on the ?oW rate measurement value in the chang 
ing period and a second calculation on the ?oW rate 
measurement value in the stable period. 

3. The mass ?oW controller according to claim 2, Wherein 
said ?oW rate output section smoothes said ?oW rate measure 
ment value With respect to time and outputs a smoothed ?oW 
rate measurement value in the stable period, and outputs a 
non-smoothed ?oW rate measurement value Without process 
ing in the changing period. 

4. The mass ?oW controller according to claim 1, Wherein 
said changing period is substantially constant. 

5. The mass ?oW controller according to claim 1, Wherein 
said changing period is set to terminate When the deviation of 
the ?oW rate measurement value from the ?oW rate setting 
value decreases to Within a range. 

6. The mass ?oW controller according to claim 1, Wherein 
the function used in said changing period varies With respect 
to time. 

7. The mass ?oW controller of claim 1, Wherein no pressure 
regulator is provided in said mass ?oW controller. 

8. The mass ?oW controller of claim 1, Wherein said func 
tion during said changing period comprises: 

f1(S):(l00+Kl)/ (Kl+S), Wherein S is the ?oW rate setting 
value in percentage form, and K1 is an adjustment factor. 

9. The mass ?oW controller of claim 1, Wherein said func 
tion during said stable period comprises: 

f2(S):S~K2+D, Wherein K2 is an adjustment factor, and D is 
an offset constant. 

10. A method of operating a mass ?oW controller, the 
method comprising: 

providing the mass ?oW controller according to claim 1; 
constantly measuring the ?uid ?oW rate; 
if a change in said ?oW rate setting value exceeds an 

amount, determining said changing period starting from 
said time When said change exceeds said amount, said 
changing period having a determined time length; 
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if said change does not exceed said amount, determining 
said stable period comprising said remaining time other 
than said changing period; 

calculating said deviation betWeen said measured ?oW rate 
and said How rate setting value; 

calculating said feedback control value to be supplied to 
said How rate control valve based on said deviation, 
Wherein said How rate setting value is substituted into a 
?rst function as said gain value in said proportional 
calculation during in changing period, and said How rate 
setting value is substituted into a second function as a 
gain value in said proportional calculation in said stable 
period; and 

generating said opening control signal based on said feed 
back control value and outputting said opening control 
signal to said control valve. 

11. The method of claim 10, Wherein the ?rst function 
returns a greater value as the How rate setting value decreases, 
and the second function returns a smaller value as the How 
rate setting value decreases. 

12. The method of claim 10, further comprising smoothing 
said How rate measurement value With respect to time and 
outputting a smoothed ?oW rate measurement value in the 
stable period, and outputting a non-smoothed ?oW rate mea 
surement value in the changing period. 

13. The method of claim 12, Wherein said smoothing is 
performed according to 
OUT:(OUT—OUT_OLD)~Z+OUT_OLD, Wherein OUT 

on the left-hand side is a more recently calculated latest 
?oW rate indicative value, reference character OUT on 
the right-hand side is a sampled ?oW rate measurement 
value, and reference character OUT_OLD is a previ 
ously calculated ?oW rate indicative value. 

14. The method of claim 10, Wherein said changing period 
is substantially constant. 

15. The method of claim 10, further comprising terminat 
ing said changing period When the deviation decreases to 
Within a range. 

16. The method of claim 10, Wherein the ?rst function 
varies With respect to time. 

17. The method of claim 10, Wherein said ?rst function 
comprises: 

f1(S):(l00+K1)/(K1+S), Wherein S is the How rate setting 
value in percentage form, and K1 is an adjustment factor. 
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18. The method of claim 10, Wherein said second function 

comprises: 
f2(S):S~K2+D, Wherein K2 is an adjustment factor, and D is 

an offset constant. 
19. The method of claim 10, Wherein no pressure measure 

ment is performed in said mass ?oW controller. 
20. The mass ?oW controller according to claim 1, Wherein 

the function in said changing period is obtained using For 
mula (l), and the function in said stable period is obtained 
using Formula (2) Wherein: 

Fl (s):(l00+K)/(Kl +S) Formula (1) 

F2 (s):S-K2+D. Formula (2) 

21. A mass ?oW controller, comprising: 
a How rate sensor section that measures a How rate of a ?uid 

?oWing through a How channel and outputs a How rate 
measurement signal indicating a How rate measurement 
value; 

a How rate control valve disposed one of upstream and 
doWnstream of the How rate sensor section; 

a calculation means for performing at least a proportional 
calculation on a deviation of the How rate measurement 
value from a target ?oW rate setting value, to calculate a 
feedback control value to be supplied to an opening 
control signal output means; and 

the opening control signal output means for generating an 
opening control signal based on said feedback control 
value, and outputting the opening control signal to the 
How rate control valve, 

the calculation means uses a gain value obtained by sub 
stituting said How rate setting value into a function, and 
multiplies said gain value by the deviation in said pro 
portional calculation, 

said function differs betWeen a changing period that com 
prises a period from a point in time When said How rate 
setting value changes by at least an amount, and a stable 
period that comprises a period other than the changing 
period; 

the function in said changing period returns a greater value 
as the How rate setting value decreases, and 

the function in said stable period returns a smaller value as 
the How rate setting value decreases or, regardless of the 
How rate setting value, the function in said stable period 
returns constant. 


